ABSTRACT: The zearalenone (ZEA) content was determined during a micro-malting process (after steeping, germination, kilning and degermination, as well as in barley samples before micro-malting process) of two winter two-rowed barley samples, grown at Kragujevac location. In all phases of micro-malting, isolation and determination of Fusarium spp. were performed.
INTRODUCTION
Zearalenone (F-2 toxin), 6-(10-hydroxy-6-oxo-trans-1-undecenyl)-b-resorcylic acid lactone, is a nonsteroidal mycotoxin with low acute toxicity, strong estrogenic, and anabolic properties to humans and animals (European Commission, 2000; H u s s e i n and B r a s e l, 2001; L o g r i e c o et al., 2003; R h y n and Z ö l l e r, 2003; Y i a n n i k o u r i s et al., 2004) . This is due to its ability to couple with the estrogenic receptor, resulting in severe effects on the reproductive system (Z ö l l n e r et al., 2000) .
As a secondary metabolite of Fusarium species, ZEA is the most frequent cereal contaminant (wheat, barley and oats) (Z ö l l n e r et al., 2000; Y i a nn i k o u r i s et al., 2004; G a l v a n o et al., 2005) . Tolerance levels in grains and grain products have been set in severeal countries with a concentration range from 30 to 1000 mg/kg (Z ö l l n e r et al., 2000) . The most common Fusarium mycotoxins in European barley grains are zearalenone and deoxynivalenol (L e g z d u n a and B u e r s t m a y r, 2004).
ZEA may be transmitted from contaminated grains into beer during the brewing process (S c o t t, 1996) . A study of Nigerian traditional corn beer brewing showed a 51% carry over of ZEA from malt homogenate to a finished product. Resulting from that, ZEA was found at high incidence and concentration in African beers, which is in distinct contrast to the surveys of European, Canadian and Korean beers, where only one beer sample was determined to contain ZEA at a level of 100 mg/kg (Z ö l l n e r et al., 2000) .
The malting process is one of the critical points during beer production, regarding the formation of factors that can affect human health, particularly as malting conditions favour the development of many fungi, mostly Fusarium species which can produce zearalenone, fumonisins, trichothecenes and moniliformin. Fusarium species enter the malting process through barley grains, water for steeping or malting vessels, and the growth of these during malting, especially steeping and germination, is favoured by high water activity and lower temperatures (N o o t s et al., 1998) . ; V a n n e and H a i k a r a, 2001, S a r l i n, 2005) and the resultant beer by causing off-flavours and colours ( V a a g, 1985) .
Due to all above mentioned, the objective of the present study was to investigate zearalenone production during micro-malting, and the occurrence of Fusarium species in brewer's barley samples during micro-malting.
MATERIALS AND METHODS
Brewer's barley samples. Two varieties of two-rowed winter barley (sample 1 and 2), crop 2004, were collected in storage rooms at Kragujevac location. A total of 3 kg of each variety were sampled. Micro-maltings of 1kg barley samples were performed with a micromalting unit "Seeger", Germany. A standard micro-malting process, described by S c h u s t e r et al. (1999) , was used as shown in Table 1 . Chlorinated tap water (drinking quality) was used during the micromalting process. Zearalenone analysis. Zearalenone was determined in both barley samples before micromalting, after steeping, after germination (green malt), after kilning, and after degermination (malt). The zearalenone extraction from the barley samples was done according to the Vicam instruction sheet, by mixing 20 g of milled sample with 2 g of NaCl and 50 mL of the mixture of 90:10 acetonitrile-water in the high-speed glass blender for 2 minutes. The obtained extract was filtrated through the filter paper, and then 10 mL of the filtrate were mixed with 40 mL of washing buffer (PBS/0.1% Tween-20, VICAM). The homogenized mixture was filtrated through the 1.0 mg microfibre filter. The obtained filtrate (10 mL) was passed through Zearalenone Test Immunoaffinity column (1-2 drops/second). Ten microlitres of washing buffer and 10 mL of distilled water (1-2 drops/second) were passed through the column. Zearalenone was deabsorbed out from the column with 1.0 mL of methanol (HPLC purity) into a glass test tube at approximately 1 drop/second. Then, 1 mL of the Zearala Test developer (VICAM) was added to the tube and the content was well homogenized. The test tube was placed into the graduated fluorometer (VICAM series 4), in which the zearalenone concentration was read in mg/kg (V i c a m, 1997).
Isolation and identification of Fusarium spp. Samples for mycological analyses were taken before the micromalting process, after the first, second and third day of steeping, after the first day and at the end of germination, after the kilning, and after malt degermination. The dilution plate technique was used for isolating fungi from the samples and for determining their total count per 1 g, or 1 mL.
Twenty grams of the sample were diloted in 180 mL of sodium chloride solution and homogenized for 10 min in a homogenizer. Petri dishes (in triplicate) were inocoluted with 1 mL of each dilution (10 -1 -10 -6 ). Incubation was carried out at 25°C for 5 and 7 days. Sabouraud maltose agar (SMA) with chloramphenicol (1%) and oxytetracyclin (1%) was used as an isolation medium.
Subsequent to the incubation, the isolates, determined to belong to the genus Fusarium, were used for producing monosporous cultures on a potato dextrose agar (PDA) and 2% carnation leaf agar (CLA), according to the procedure described by N e l s o n et al. (1983) . In order to stimulate the formation of conidiogenic structures, cultivated media were incubated under the 12 h UV light/dark cyclic regime. Monosporous cultures were incubated under stated conditions at the temperature of 25°C for 10 to 14 days.
Determination of the isolated pure fungal cultures was done according to the taxonomic properties described by N e l s o n et al. (1983) .
RESULTS AND DISCUSSION
The obtained results indicate that both barley samples were naturally contaminated with zearalenone (sample 1-9.7 mg/kg and sample 2-9.2 mg/kg). Species of Fusarium genus and ZEA production varied during barley micromalting.
In barley sample 1 three species of genus Fusarium were identified during micromalting: F. poae, F. tricinctum and F. sporotrichioides (Fig. 1) .
The most intensive growth had F. poae, during the second day of micromalting. An increase in the level of F. tricinctum was found during the third day of micromalting. Fusarium sporotrichioides reached a maximum level during the fourth day of micromalting.
Four species of Fusarium genus were identified in barley sample 2: F. poae, F. verticillioides, F. avenaceum and F. equiseti. Fusarium avenaceum was identified only on the first day, and F. equiseti only on the second day of micromalting (Fig. 2) . Two dominant species, F. poae and F. verticillioides, were also identified in water for steeping. Fusarium sporotrichioides was also identified in steeping water, but not during the micromalitng of barley sample 2. On the first day of micromalting, intensive growth of F. poae was observed.
Intensive growth of F. poae continued until the seventh day of micromalting. Fusarium verticillioides was identified on the second day of steeping. Growth of F. verticillioides decreased between the second and the third day of steeping. After the third day of steeping, growth of F. verticillioides was very intensive until the seventh day of micromalting. F. verticillioides became the most dominant species on the fourth day of micromalting (first day of germination), until the kilning (Fig. 2) . This study shows that the growth of Fusarium spp. is most intense during germination of barley in both samples. In contrast, A c k e r m a n n (1998) noted that the growth of Fusarium spp. takes place particulary during steeping of barley.
During the micromalting, determined zearalenone contents varied from 9.7 to 86.5 mg/kg dry matter in barley sample 1, and from 9.2 to 71.2 mg/kg dry matter in barley sample 2 (Figs. 1 and 2) . The zearalenone content increased during steeping in both samples, which is in contrast with the results of (1995) . Germination reduced the zearalenone content in both barley samples. At the end of germination the zearalenone content in sample 2 (26.8 mg/kg) was two times higher than that in sample 1 (12.5 mg/kg). Decrease in zearalenone content can be attributed to reaction with barley components, metabolism of barley enzymes, or influence of other barley micropopulation (D u p i r e, 2003; S c h w a r z et al., 1995) .
Zearalenone content increased during kilning of both samples (62.9 mg/kg dry matter in 1, and 71.2 mg/kg dry matter in 2) and was higher than in green malt. S c h w a r z et al. (1995) obtained similar results during kilning. After kilning, zearalenone content increased most probably because of unfavourable conditions for fungal growth. Under unfavourable growth conditions Fusarium species synthesize zearalenone (S m i t h and M o s s, 1985).
After degermination, ZEN content decreased as it was party removed with the germ. In the malt, zearalenone content was 35.7 mg/kg dry matter in sample 1 and 17.8 mg/kg dry matter in sample 2.
The obtained results indicate that during micro-malting zearalenone content increased. Zearalenone content determined in finished malt was higher than in barley. Beer produced from this malt can be potentially harmful for human health.
